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CLAIMS 

! A method of operating an electrochemical fuel cell having an anode, 

5 - ■ dehvextegfltodtolto^ 

dehveringfluid oxidant to fluid flow chapels wHtrinfbc cathode; 

busting reaction by-products and any unused oxidant from the 
fluid flow channels vdtirin the cathode; and 

dehvering a sufficient quantity of liquid water to the fluid flow 
M channels within *e cafoode snch that a xelative hunridity of 100 % is 
•-■■^aintHiBri 

2 The method of claim 1 in which fhe step of delivering a sufficient 
quantity of liquid water comprises determining a maximum in coll voltage as 

15 afm cuonofh^dwat^^ 

• fiowrate corresponding to said cell voltage maximum 

3 The rneihod of claim 1 applied to a plurality of such cells in a fuel 
cell stack, in which the step of delivering a sufficient quantity of liquid water 

n comprises d^ennimng a maximum m etack voltage as a funation of lic^d 
water flow rate and delivering at least a rnmimum water flow rate 
corresponding to said stack voltage maximum 

4 The method of claim 1,^ 

25 ofmcreasingthe quantity of liquid water delivered as a function of cell ox 

• • „ TO w -Far+rn- WF > 1.0 for all currents within a 
stack current to maintain a water factor W^-^ 1 

normal operating range of the cell or stack. . . 

5. The method of claim 2 in wHch the step of dehvering a sufficient 
30 quantity of Uquid water comprises: 
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detenrrining a maximum in cell voltage as a function of liquid water 
flow rate for each of a plurality of cell currents that correspond to a normal 
range of operating conditions of the cell, 

determining a calibration function expressing minimum liquid water 
5 flow rate as a function of current and/or air stoichiometry; and 

delivering at least said minimum water flow rate, for the current 
drawn from said cell and/or for the air stoichiometry, as determined by the 
calibration function. 

10 6. The method of claim 3 in which the step of delivering a sufficient 

quantity of liquid water comprises: 

deteamfrring a ip^^™ in stack voltage as a function of liquid water 

flow rate for each of a plurality of stack currents that correspond to a normal 

range of operating conditions of the stack, 
15 deter minin g a calibration function expressing minimum liquid water 

flow rate as a function of current and/or air stoichiometry; and 

delivering at least said minimum water flow rate, for the current 

drawn from said stack and/or for the air sioicHometry, as deterxnined by the 

calibration function. 

20 

7. The method of claim 5 or claim 6 in which tie calibration function is 
determined for air stoichiometry in the range 1 .1 to 10. 

8. The method of claim 7 in which the calibration function is 
25 determined for air stoichiometry in the range 1 .4 to 4.0. 

9. The method of any preceding claim in which the step of delivering a 
sufficient quantity of liquid water comprises delivery of a water factor of at 
least 1.5. 

30 
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10 The method of data 9 fa which the step of delivers a sufficient 
^.y of heater comprises deliver of a water feetor of at leasts. 

„ The method of data 9 or claim 10 m which the step of delivermg a 
sufficient quanhty of.Bouid water comprises ddivery of a water factor of 
less than 40. 

V The method of dam, 1 1 fa whieh the step of deliverimg a sufficient 
^tity of liqmd water conges delivery of a water fector in lie range 
10 from 3 to 6. 

13 The method of any preceding data farther indudtag fhe step of 
^pomrilypenmttag delivery of a quaomy of liquid waterto me fluid flow 
stands wiflrin the caihode such that a relative humidity of less than 1 00 % 
15 is maintained when the caihode.. exhaust temperature is Wow a 
predetermined threshold concluding to a suh-optimal opezatmg ■ 
temperature. 

14. The method of claim 13 applied upon start up of me fad cell ox fad 
20 cell stack. 

15 The method of claim 1 m which me fuel cell is operated such Haat, for 
aay measured cell power delivery, liquid water injection rate into the 
cathode and / or gas flow through me cathode are controlled to ensure mat 

,5 there is more homd water at all regions of me cathode surface than can be 
evaporated infhe prevailing temperature andpressure conditions. 

16 The method of claim 15 applied to a plurality of such cells in a fuel 
oell stack having a common oxidant supply manifold and a common water 

30 injection mantfold such mat, for any measured stack power delivery, liquid 
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water injection Tate into the water injection manifold and / or gas flow rate in 
the oxidant supply manifold are controlled to ensure that there is more liquid 
water at all regions of the cathode surfaces of all cells than can be 
evaporated in the prevailing temperature and pressure conditions. 

5 . 

17. An electrochemical fuel cell assembly comprising: 

at least one anode fluid flow field plate having fluid flow channels 
therein; 

at least one ion transfer membrane; 
10 at least one cathode fluid flow field plate liaving fluid flow channels 

•therein; 

means for delivering fluid fuel to the anode fluid flow channels; 

means for delivering fluid oxidant to Hie cathode fluid flow channels; 

a water injection mechanism for delivering a sufficient quantity of 
15 liquid water to the fluid flow channels within the cathode such that a relative 
humidity of 100 % is maintained substantially throughout the fluid flow 
channels during normal operating conditions of the fuel celL 

18. The assembly of claim 17 in which the water injection mechanism 
20 comprises a pump and a controller. 

19. The assembly of claim IS in which the controller includes a voltage 
sensor for sensing fuel cell or fuel cell stack voltage. 

25 20. The assembly of claim 19 in which the controller is adapted to 
operate in a calibration mode comprising determining a maximum in cell 
voltage as a function of liquid water flow rate for each of a plurality of 
normal cell or cell stack operating currents. 
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' 21. The assembly of claim 20 n which the calibration mode, furiner 
comprises determining a calibration function expressing nrininmm liquid 
water flow rale as a function of current and air stoichiometry. 

'5 22. The assembly of claim 18 further including a current sensor for 
sensing current flow through the fuel cell or fuel cell stack, and in which the 
controller is adapted to control water injection rate to maintain delivery of a 
water factor W > 1.0 for all fuel cell or fuel cell stack currents within a 
normal operating range. 
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23. The assembly of claim 22 in which the controller is adapted to control 
waterinjectionrate to rnaintain delivery of a water factor of at least 1.5. 

24. The assembly of claim 23 in which the controller is adapted to control 
15 water injection rate to rnaintain delivery of a water factor of less than 40. 

25. He assembly of claim 24 in wHch the oontroUex is adapted to control 
water injection rate to maintain delivery of a water factor of at least 3. 
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26. TheassemblyofclaimlBtewbich^^ 

water injection rate to mamtain of delivery of a water factor in fhe range 
from 3 to 6. 

27. The assembly of any one of claims 17 to 26 further including means 
25 for temporarily perrnitting delivery of a Quantity of liquid water to the fluid 

flow channels within the cathode such that a relative hnmidity of less than 
100 % is rnaintained when the cathode exhaust temperature is below a 
predetermined threshold corresponding to a sub-opthnal operating 
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28. Apparatus substantially as 
accompanying drawings. 



29. A method substantially as 
5 accompanying drawings. 
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described herein with reference to the 
described herein with reference to the 
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